A study was undertaken to investigate the flow field around bell mouth groin in a large mobile bed physical model facility (46m x 11 m). A total number of 24 test runs were conducted. Three different discharges and four different angles and two groin conditions (submerged and non-submerged) was considered. All tests were conducted for 8 hours duration in clear water condition. Velocity data have been collected forming grids in both vertical and horizontal direction around the vicinity of the bell mouth groin. Velocity was measured at 0.2, 0.4, 0.6 and 0.8 depths from the water surface by forming grids. Change in flow conditions around bell mouth groin for various test run have been analyzed non-dimensionally in longitudinal, lateral and vertical direction. The streamwise velocity along lateral direction was found that the lateral shifting of maximum velocity away from the head of the bell mouth groin. In most cases, streamwise vertical velocity in lower part of the channel is found higher than that of upper part. Streamwise vertical velocity profile has been found variable with different discharges and does not follow its natural logarithmic pattern. Velocity vector indicates that flow is steady at upstream along longitudinal direction. The flow diverted at head of structure and flows through sides of structure towards downstream. A circulation of flow has been observed around head of structure after diverting of flow towards down. Immediately after rear front of structure, relatively weak circulation of flow has been observed. In this paper the results of test runs conducted under submerged conditions for 150 0 and 90 0 angles are reported.
INTRODUCTION
Groins are structures that protrude into rivers from the bank and create a flow condition that promotes navigability and diverts the flow away from the bank thereby reduce bank erosion. Recently groins have been received more attention from the standpoint of ecosystem. The design, location, orientation and length of groins are very important subjects for the hydraulic engineers in the field. Basically, it is important to have a clear picture of flow phenomenon around these structures in order to be able to make a safe and economic design. Also, hydraulic conditions such as velocity, water depth, bed shape, and bed material around groins are so diverse to provide the ecosystem with suitable habitat. The development and magnitude of flow behavior for different angle of attacks are still undefined, though flow behavior is of utmost importance to the design of any type of groin. As one of the most popular techniques for riverbank stabilization, groins have already been enjoyed a wide use in a number of riverbank stabilization projects and with a strong tendency to increase its applicability [1] .
Over the past several years, there has been a rapid expansion of literatures concerning groins under clear water scour condition in both laboratory experiment and numerical simulation [2, 3] ; River course stabilization by groin like structures [4] ; River bank stabilization in a bend by groin [5] ; velocity distribution in groin fields [6] ; Exchange process between river & its groin fields [7] . Kabir investigated the scour reduction technique and flow pattern around abutment using bottom vanes [8] . Rahman investigated flow field and scouring around piers and abutments [9, 10] .
From the foregoing discussion it is apparent that most of the above studies were concerned with pier, embankment, abutment, groin and spur-dikes mainly for assessment of local scour which is very frequently used in Bangladesh. But the development of scientific guiding principles for the bell mouth groin design is yet not fully explained. The reason is that bell mouth groin is typical in the Indian subcontinent including Bangladesh. The flow structure and scour development around bell mouth groin is of great interest for the design of riverbank stabilization projects in Bangladesh. In the present study, which is exploratory and experimental in nature, flow structure around the single groin is investigated for submerged groin. In some locations groins are constructed higher than the high water level, which are called non-submerged groin. In other locations groins are submerged under the water surface. In rivers with unsteady flow conditions, groins can serve as non-submerged in ordinary state or submerged during flood. The area behind the groin is either a dead zone during non-submerged conditions or a slow flow zone during submerged flow conditions. Most of previous investigators published experimental data on the various aspects of the local scour around emerged spur dikes. In their experiments, they have used flow depths that were less than the height of the spur-dike model [11, 12] . Many prototype spur dikes, however, were designed to regularly consider overtopping flow, submerged condition.
EXPERIMENTAL PROCEDURES
The experiments have been carried out in a wide straight flume which is 45.60 m long, 2.45m wide and having a depth of 1m. The flume has a re-circulating water supply system with pre-pump storage pool, post pump upstream, measuring devices, measuring bridge, point gauges, tail gates, sediment trap and stilling basin etc. The water passed through an approach upstream reservoir provided with a series of baffles. These baffles distributed the flow uniformly over the entire width of the flume and also helped in dissipating the excess energy of flow. The sand bed had a thickness of 30 cm. The sand used in the experiments reported herein has mean size of d 50 = 0.75 mm and standard deviation of σ g = 1.94. The groin models used in the study were fabricated by wooden. The groin model was bell mouth type. The groin was positioned with different angle of  inclination of 60   o   , 90   o   , 135 o and 150 o with the downstream. A total number of 24 test runs were conducted. Three different discharge and two groin condition (submerged and nonsubmerged) was considered. Twelve tests were conducted for non-submerged conditions of which 6 (six) tests were with 14 cm depth and 6 (six) tests were with 18 cm depth. Similarly, another 12 (twelve) tests were conducted with submerged condition of which 6 (six) had a water depth of 22 cm and the rest six had a flow depth of 26 cm. To obtain a specific discharge, water level was maintained by adjusting the tailgate on downstream. The water discharge has been measured at two sharp-crested Rehbock weirs, one between the upstream reservoir and the flume and one in the recirculation channel. Only the Rehbock weir located at the re-circlulating canal has been used to measure the discharge on a routine basis at half hour intervals. The discharge has been calculated from reading of point gauge in the adjacent stilling basin using the following equation.
The free flow has been ensured only at the downstream weir and coefficient of discharge (C d ) has been calculated to be 0.6.
Water depths were measured at one-hour intervals by the help of a point-gauge mounted on a wooden frame. Flow velocity measurements were obtained by using programmable electromagnetic velocity meter (P-EMS) consisting of a 50 mm-diameter probe and a control unit, mounted on a movable measuring carriage. The sensor of this instrument determines flow velocity components in two dimensions. P-EMS positions and readings were calibrated daily, as the instrument was removed every evening and re-installed every morning to prevent theft. Details of selected experimental runs are given in Table 1 
Co-ordinate system
A Cartesian co-ordinate system has been chosen and used during the experimentation in the flume as shown in Fig. 3 . The schematic diagram shown in Fig. 3 is self explanatory. The test runs conducted under this research program and the various important information of the test program are presented in Table 1 . Origin of the system which is the lengthwise mid point of right wall at the initial bed level 
Velocity variation along lateral direction
The variations of streamwise velocity at X/h=-5.5 (105cm upstream from centre of groin) in lateral direction are presented in Fig. 9 for 150 0 angle. It was found that the variation of streamwise velocity for four vertical depth from the water surface, the tendency of the curve al-most increasing to the lateral direction. It may be caused due to shifting of velocity from right to left touching the head of structure. The variations of streamwise velocity at X/h=2, in lateral direction are presented in Fig. 10 for angle 90 0 angle. From this Fig. it was observed that from 1h to 4h distance velocity variation almost uniform. From 4h to 5h distance (around head of the groin) velocity variation is increasing pattern to the lateral direction. This may be occurs due to passing the flow adjacent to the head of the groin. The most significant observation that can be made from all this Figs. is the lateral shifting of maximum velocity away from the head of the bell mouth groin. This lateral shifting of velocity is evidently related with the shifting of discharge away from the bell mouth groin.
The variations of transverse velocity at X/h=-5.5 (105 cm upstream from centre of groin) in lateral direction are presented in Fig. 11 for 150  angle. It shows that the transverse velocity increases at the vicinity of the head of the bell mouth groin at 3h distance and then decreases laterally. The variations of transverse velocity at X/h=2, in lateral direction are presented in Fig. 12 for 90  angle. It appears that at downstream of the bell mouth groin it was found that the most generalized trend is an increase in transverse velocity at 0.2 depth compared to other vertical depths. The presence of positive and negative velocity provides the evidence of the existence of a circulation behind the bell mouth groin. 
Velocity variation along vertical direction
The streamwise velocity profile in the vertical direction has been shown in Fig. 13 for 150 0 angle and in Fig. 14 for 90 0 angle at Y/h=4.25 (85cm away from right) and Y/h=3.25 (65cm away from right) respectively. The streamwise vertical velocity profile clearly indicates a downward movement of flow at front face of structure. In most cases, streamwise vertical velocity in lower part of the channel is found higher than that of upper part. This increasing and decreasing pattern is also clearly associated with vortex generation and may be responsible for scouring around structure. Streamwise velocity profile has been found variable with different discharges and does not follow its natural logarithmic pattern. It may be caused due to creation of a complex flow field by interaction between flow and structure. ) it was found that flow is steady at upstream along longitudinal direction. The flow is just diverted in head of structure and flows through sides of structure towards downstream. The flow velocity reaches near about zero at front face of structure, which may cause due to a down flow at upstream face of groin. Breusers and Raudkivi stated that at upstream of structure, approach flow velocities go to zero and stagnation pressure decreases [13] . This caused a downward pressure gradient that drives down-flow at upstream face of structure. Down-flow acts like a vertical jet and removes sediment at of structure. For 150 ο groin angle, the following observation can be made: (i) the flow vector near the head is firstly deviated away from the head and again deviated towards the groin after passing the head of groin. (ii) A circulation of flow has been observed around head of structure after diverting of flow towards down. This may occurred due to horseshoe vortex. This may occurred due to horseshoe vortex. This circulation is relatively strong near surfaces & weak near bed. According to Melville (1997) , horseshoe vortex forms due to separation of flow at upstream rim of scour hole [14] .
For 90 ο groin angle, the following observation can be made: (i) the flow vector is deviated away from the head near the groin head. (ii) Immediately after rear front of structure, relatively weak circulation of flow has been observed. This may be indication of vertical vortices formation, called wake vortex. Wake vortex is also responsible for downstream scour with horseshoe vortex as these vortices are translated downstream by mean flow and act like vacuum cleaners sucking up sediment from bed and also transporting sediment entrained by down flow and horseshoe vortex. After leaving rear face of structure, flow is found becoming steady gradually with traveling to far downstream. 
CONCLUSIONS
The streamwise velocity along lateral direction was found that the lateral shifting of maximum velocity away from the head of the bell mouth groin. In most cases, streamwise vertical velocity in lower part of the channel is found higher than that of upper part. Streamwise vertical velocity profile has been found variable with different discharges and does not follow its natural logarithmic pattern. Velocity vector indicates that flow is steady at upstream along longitudinal direction. The flow diverted at head of structure and flows through sides of structure towards downstream. For 150 ο groin angle, it was found that the flow vector near the head is firstly deviated away from the head and again deviated towards the groin after passing the head of groin. A circulation of flow has been observed around head of structure after diverting of flow towards down. This may occurred due to horseshoe vortex. This circulation is relatively strong near surfaces & weak near bed. For 90 ο groin angle, it was found that the flow vector is deviated away from the head near the groin head. Immediately after rear front of structure, relatively weak circulation of flow has been observed. This may be indication of vertical vortices formation, called wake vortex. Wake vortex is also responsible for downstream scour with horseshoe vortex as these vortices are translated downstream by mean flow and act like vacuum cleaners sucking up sediment from bed and also transporting sediment entrained by down flow and horseshoe vortex. After leaving rear face of structure, flow is found becoming steady gradually with traveling to far downstream.
